To improve the census of the Upper Sco association (∼11 Myr, ∼145 pc), we have identified candidate members using parallaxes, proper motions, and color-magnitude diagrams from several wide-field imaging surveys and have obtained optical and infrared spectra of several hundred candidates to measure their spectral types and assess their membership. We also have performed spectroscopy on a smaller sample of previously known or suspected members to refine their spectral types and evidence of membership. We have classified 530 targets as members of Upper Sco, 377 of which lack previous spectroscopy. Our new compilation of all known members of the association contains 1631 objects. Although the census of Upper Sco has expanded significantly over the last decade, there remain hundreds of candidates that lack spectroscopy. The precise parallaxes and proper motions from the second data release of Gaia should extend down to substellar masses in Upper Sco, which will greatly facilitate the identification of the undiscovered members.
INTRODUCTION
The Upper Scorpius subgroup in the ScorpiusCentaurus OB association is located at a distance of ∼ 145 pc, has an age of ∼11 Myr, and contains >1000 members (Preibisch & Mamajek 2008; Pecaut et al. 2012) , making it the largest stellar population at 10 Myr within 300 pc. As such, Upper Sco offers some of the best available constraints on statistical properties of young stellar populations, such as their initial mass function (IMF), stellar multiplicity, planet occurrence rate, and disk fraction. The association is old enough that its natal cloud has dispersed, so its members have only modest extinction (A V 3) and can be observed at optical wavelengths. However, since the members are distributed across a large area of sky (∼ 100 deg 2 ), it has been challenging to obtain a complete census of the association. Surveys for members of Upper Sco have utilized wide-field imaging at X-ray, ultraviolet, optical, and infrared (IR) wavelengths Martín et al. 1998 Martín et al. , 2004 Martín et al. , 2010 Preibisch et al. 1998 Preibisch et al. , 2001 Preibisch et al. , 2002 de Zeeuw et al. 1999; Ardila et al. 2000; Hoogerwerf 2000; Slesnick et al. 2006 Slesnick et al. , 2008 Torres et al. 2006; Lodieu et al. 2006 Lodieu et al. , 2007 Lodieu et al. , 2008 Lodieu et al. , 2011a Lodieu et al. ,b, 2013a Lodieu et al. ,b, 2018 Findeisen & Hillenbrand 2010; Dawson et al. 2011 Dawson et al. , 2014 Rizzuto et al. 2011 Rizzuto et al. , 2015 Peña Ramírez et al. 2016; Cook et al. 2017; Wilkinson et al. 2018) .
Members uncovered through that work have served as targets in surveys to find substellar companions through direct imaging (Kraus et al. 2005 , 2009 Béjar et al. 2008; Biller et al. 2011; Ireland et al. 2011; Aller et al. 2013; Lafrenière et al. 2010 Lafrenière et al. , 2011 Lafrenière et al. , 2014 Hinkley et al. 2015; Uyama et al. 2017) , detect and characterize circumstellar disks via IR and millimeter observations (Rieke et al. 2005; Chen et al. 2005 Chen et al. , 2011 Carpenter et al. 2006 Carpenter et al. , 2008 Carpenter et al. , 2009 Carpenter et al. , 2014 Padgett et al. 2006; Scholz et al. 2007; Dahm & Carpenter 2009; Riaz et al. 2009 Riaz et al. , 2012 Luhman & Mamajek 2012; Mathews et al. 2012 Mathews et al. , 2013 Rizzuto et al. 2012 Rizzuto et al. , 2015 Dawson et al. 2013; Jang-Condell et al. 2015; Barenfeld et al. 2016 Barenfeld et al. , 2017 , and measure photometric variability from a variety of phenomena (e.g., eclipsing binaries, transiting planets) with Kepler's K2 mission Alonso et al. 2015; Lodieu et al. 2015; Ripepi et al. 2015; Scholz et al. 2015; Ansdell et al. 2016; David et al. 2016a David et al. ,b, 2017 Mann et al. 2016; Scaringi et al. 2016; Cody et al. 2017; Rizzuto et al. 2017; Stauffer et al. 2017 Stauffer et al. , 2018 Cody & Hillenbrand 2018; Hedges et al. 2018; Rebull et al. 2018) as well as the Super Wide Angle Search for Planets (Mellon et al. 2017 ) and the Kilodegree Extremely Little Telescope (Ansdell et al. 2018) .
Although extensive work has been done in identifying the members of Upper Sco, the current census likely has substantial incompleteness, particularly among low-mass stars and brown dwarfs. To improve the completeness of the census in Upper Sco, we are performing a search for new members using photometry and astrometry from optical and IR wide-field surveys, which include the Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) , the Deep Near-Infrared Survey of the Southern Sky (DENIS, Epchtein et al. 1999) , the United Kingdom Infrared Telescope Infrared Deep Sky Survey (UKIDSS, Lawrence et al. 2007 ), the Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010) , Pan-STARRS1 (PS1, Kaiser et al. 2002 Kaiser et al. , 2010 , the Gaia mission (Perryman et al. 2001; de Bruijne 2012) , and the Visible and Infrared Survey Telescope for Astronomy (VISTA) Hemisphere Survey (VHS, McMahon et al. 2013) . In this paper, we present the new members found to date through our survey and a compilation of all known members of Upper Sco.
KNOWN MEMBERS OF UPPER SCO
During a study of circumstellar disks in Upper Sco, Luhman & Mamajek (2012) compiled a list of known members of the association. That list contained 863 sources, 181 of which comprised an initial sample of new members found through the survey that we are presenting in this work. Many additional members have been identified by subsequent surveys of Upper Sco. We have revised and expanded the compilation of members from Luhman & Mamajek (2012) to account for those surveys and new membership constraints, as summarized in this section.
To compile known members of Upper Sco, we began by considering the 120 stars (mostly B through F types) that were identified as probable members by de Zeeuw et al. (1999) based on proper motions and parallaxes from the Hipparcos mission. We have excluded eight candidates that have been spectroscopically classified as field stars Chen et al. 2011; Pecaut et al. 2012) , which consist of HIP 75916, HIP 78271, HIP 79247, HIP 79258, HIP 79596, HIP 82140, HIP 83456, and HIP 83542 . The first data release of the Gaia mission (Gaia Collaboration et al. 2016a,b) has provided new parallax measurements for 76 of the 112 remaining candidates. Several stars exhibit discrepant Gaia parallaxes relative to the bulk of the sample. Among those stars, we assigned membership to those that are known or suspected to be binaries (HIP 78233, HIP 78581, HIP 80896) since the presence of a close companion can lead to erroneous astrometry. Another candidate with a discrepant parallax, HIP 82218, is treated as a member because of the abundance of evidence of its membership (Chen et al. 2011) . We reject HIP 78963, HIP 79860, HIP 79987, and HIP 80586 based on their parallaxes (and radial velocity for HIP 80586, Nordström et al. 2004) .
The positions of the 108 unrejected stars from de Zeeuw et al. (1999) • to −16
• in declination (δ) as the boundaries for our survey, which encompass 97 of the 108 probable members. In Figure 1 , we have marked our adopted boundary between Upper Sco and the stellar population associated with the Ophiuchus dark clouds, which was defined by Esplin et al. (2018) . Five of the stars from de Zeeuw et al. (1999) appear within that boundary for Ophiuchus, and hence are excluded from our membership list for Upper Sco. The 103 remaining stars outside of Ophiuchus are included in the list.
We have compiled additional members of Upper Sco from the previous surveys cited in Section 1, a survey for disk-bearing members by Esplin et al. (2018) , a proper motion survey of Ophiuchus that extends into Upper Sco (T. Esplin, in preparation) , and the survey that we are presenting. We have also considered young stars that have been found in the vicinity of Upper Sco through studies that were not explicitly searching for members of the association (e.g., Herbig & Rao 1972; Allers et al. 2006; Shkolnik et al. 2009; Kirkpatrick et al. 2010; Romero et al. 2012; Best et al. 2017) . We have adopted stars as members if they are located between the boundary of Ophiuchus and the outer boundary of our survey field (Figure 1 ), have measured spectral types, exhibit evidence of youth, and have parallaxes or proper motions that are similar to those of the adopted members from de Zeeuw et al. (1999) when available. We have included a few additional stars outside of our survey field that have been adopted as members in multiple previous studies (see Figure 1) . Diagnostics of youth consist of Li I absorption, gravity-sensitive absorption features (e.g., Na I, FeH, H 2 O), and mid-IR excess emission that is indicative of a circumstellar disk. The first two diagnostics are not applicable to B and A stars, and many members of young populations lack disks, so we do not require evidence of youth for members at those types. The membership classification of a star can change as new data become available (e.g., Muzerolle et al. 2003; Bouy & Martín 2009 ), so some stars previously identified as members do not appear in our compilation and some stars previously classified as field stars are now adopted as members. We have attempted to consider all available membership constraints for each candidate that we have examined.
In Table 1 , we list the stars that we have adopted as known members of Upper Sco. We have included the available measurements of spectral types, the types that we adopt, and our estimates of extinction (Section 4.2). This compilation contains 1631 objects. Spectra have been obtained for 185, 31, and 530 members by Esplin et al. (2018), T. Esplin (in preparation) , and this work, respectively, 166, 31, and 377 of which have not been observed with spectroscopy previously.
IDENTIFICATION OF CANDIDATE MEMBERS

Sources of Data
Since the members of Upper Sco are distributed across a large area of sky, we have used wide-field imaging surveys to search for members of the association. The surveys have provided photometry in several optical and IR bands: JHK s from the 2MASS Point Source Catalog, i from the third data release of DENIS, ZY JHK from the science verification release and data release 10 of UKIDSS, W 1 and W 2 9 from the AllWISE Source Catalog, Y JHK from the fifth data release of VISTA VHS, G from the first data release of Gaia, and rizy P 1 (Tonry et al. 2012 ) from the first data release of the 3π survey from PS1 Flewelling et al. 2016) . Additional bands are available from some of these catalogs, but they are redundant with data adopted from other surveys. Some of the catalogs provide multiple methods of measuring photometry for a given band. We adopted the 1 ′′ radius aperture magnitudes from UKIDSS and VHS and the point-spread-function magnitudes from the stacked images in PS1. To avoid saturated measurements, we excluded PS1 data brighter than 15 mag, UKIDSS data at Z < 11.4, Y < 11.3, J < 10.5, H < 10.2, and K < 9.7, and VHS data at 2MASS magnitudes of J < 13, H < 13, and K s < 12.5. We also omitted Y data from VHS for J < 13. When photometry was available at two epochs in K from UKIDSS, we adopted the average of those measurements. For some of the strips in the DENIS catalog, all of the measurements exhibited unusually large photometric errors. We did not use data from those strips. In addition to the above photometry, we have utilized proper motions and parallaxes from Gaia DR1 and proper motions from UKIDSS, the fifth release of the U.S. Naval Observatory CCD Astrograph Catalog (UCAC5, Zacharias et al. 2017) , and the Gaia-PS1-Sloan Digital Sky Survey (GPS1) Proper Motion Catalog (Tian et al. 2017) 10 . We combined the above catalogs by first identifying all matching sources. To merge the photometry from different surveys, we treated the following filters as the same:
JHK s (2MASS)/JHK(UKIDSS)/JHK(VHS) and Y (UKIDSS)/Y (VHS). For JHK s , we adopted 2MASS measurements if the errors were ≤0.06. When the 2MASS errors were larger than that threshold, we adopted the measurements with the smallest errors from among 2MASS, UKIDSS, and VHS. For Y , we used the measurements with the smallest errors from UKIDSS and VHS. The bands Z(UKIDSS)/z P 1 and Y (UKIDSS)/y P 1 are sufficiently different that they are used separately in our analysis.
The images from 2MASS, WISE, Gaia, and PS1 cover all or nearly all of our survey field in Upper Sco. After excluding the strips with large photometric errors, the remaining DENIS data covered ∼ 85% of the survey field. The boundaries of the areas imaged by UKIDSS and VHS are indicated on the map in Figure 2 . Those areas were not fully imaged by those surveys; small patches within them lack data. The coverage of UKIDSS in Upper Sco was also presented by . Most of the available VHS data were obtained in J and K. Only a very small portion of Upper Sco has been imaged by VHS in Z and H, which is not shown in Figure 2 . Imaging has been performed in small areas of Upper Sco that is deeper than the wide-field surveys cited above (Lodieu et al. 2013b Peña Ramírez et al. 2016) . Those data are not utilized in our survey since only the raw images are publicly available.
Proper Motions and Parallaxes
We have used the surveys that we have compiled to identify candidate members of Upper Sco via parallaxes, proper motions, and color-magnitude diagrams (CMDs). We describe our selection criteria for the parallaxes and proper motions in this section. Our analysis of the CMDs is discussed in the next section.
Measurements of parallaxes are available from Gaia DR1 for 169 of the brightest stars in our compilation of known members of Upper Sco (G ∼ 5-11.5). The median value of these parallax data corresponds to 146 pc, which agrees with previous distance estimates for the association (Preibisch & Mamajek 2008) . Most of the parallaxes have 1 σ errors that overlap with a distance range of 125-165 pc, so we have adopted this criterion when identifying candidate members among other stars that have parallaxes from Gaia DR1.
To select candidates based on proper motions, we have utilized the motions measured by UKIDSS, GPS1, and UCAC5. The GPS1 catalog contains multiple options for proper motion that differ in their fits or combinations of data. Two of those options, the robust fit and cross-validated fit, use all available data from Gaia DR1, PS1, 2MASS, and Sloan (the latter does not cover Upper Sco). We compared the measurements from those two fits for the known members of Upper Sco. The formal errors from the robust fit are smaller than those from the cross-validated fit, but the two sets of data exhibit similar dispersions, which would suggest that they have similar errors. We have adopted the motions from the cross-validated fit since they contain fewer outliers relative to the average motion of the members. We also have computed one set of proper motions from a combination of 2MASS and Gaia positions and a second set of motions from a combination of 2MASS and PS1 positions. The PS1 data were based on coadditions of images from multiple epochs. In our analysis, we have excluded proper motion measurements with errors >10 mas yr −1 in µ α or µ δ . The numbers of known members with proper motion measurements are 169 for Gaia (G ∼ 5-11.5), 929 for GPS1 (G ∼ 12.5-18.5), 823 for UCAC5 (G ∼ 4.5-15.5), 1297 for 2MASS/Gaia (G ∼ 5-21), 895 for 2MASS/PS1 (G 13), and 382 for UKIDSS (G 16). 2MASS/PS1 and UKIDSS provide motions for a few hundred members that are below the detection limit of Gaia (G 21).
As with the parallaxes, we have used known members of Upper Sco to design our proper motion criteria for selecting candidate members. We began by estimating the intrinsic spread in motions within Upper Sco using the most accurate measurements that are available, which are those from Gaia. Those data are plotted in a diagram of µ δ versus µ α in Figure 3 . They exhibit a dispersion (σ ∼ 3 mas yr −1 ) that is significantly larger than that expected from measurement errors (∼ 0.3 mas yr −1 ) or projection effects that occur across the area covered by Upper Sco (0.5-1 mas yr −1 ). Thus, it appears that the scatter is dominated by the dispersion in kinematics and distances among the members (see also Wright & Mamajek 2018) , and thus reflects the intrinsic spread in the proper motions of the association. Most of the known members with Gaia motions are encompassed by a radius of 10 mas yr −1 , so we have adopted that threshold for our selection of candidates. For each of the six sources of proper motions that we have utilized, we identified stars that have 1 σ errors that overlap with a radius of 10 mas yr −1 from the median value of the motions of the known members. We also identified stars that are beyond the threshold by more than 2 σ. Measurements at 1-2 σ are ignored. The 10 mas yr −1 threshold is indicated in Figure 3 for each source of proper motions. We classified each star as either a candidate member or a probable field star based on the first data set in which it was flagged as within 1 σ or beyond 2 σ of Upper Sco from among Gaia, GPS1, UCAC5, 2MASS/Gaia, 2MASS/PS1, and UKIDSS. Given this approach, a star with one proper motion measurement that indicates nonmembership can be considered a candidate if another measurement from a more preferred source supports membership. A small number of stars in our compilation of known members would be rejected by this criterion (i.e., they appear as outliers in Figure 3 ), but they have been retained as members because they are known or suspected binaries, which can lead to erroneous proper motion measurements, or they have proper motions from other sources that are consistent with membership.
We note that Cook et al. (2017) measured a dispersion of σ ∼ 8 mas yr −1 in each component of proper motion for the known members using data from GPS1, UCAC5, and Altmann et al. (2017) . They concluded that their measurement was dominated by the kinematic spread of the population. However, as discussed earlier, the more accurate Gaia motions show a significantly smaller dispersion (σ ∼ 3 mas yr −1 ), indicating that the dispersion from Cook et al. (2017) primarily reflected measurement errors.
Color-Magnitude Diagrams
We have constructed CMDs for our survey field in Upper Sco using the photometry described in Section 3.1. For these diagrams, we have selected K s (or K) as the vertical axis and colors that contain this band because it offers the greatest sensitivity to low-mass members of Upper Sco among the available bands. For colors, that band is paired with G, i from DENIS, Z and Y from UKIDSS, i P 1 , z P 1 , y P 1 , and H. We also have included a diagram with W 1 − W 2. Although the natal molecular cloud of Upper Sco has dispersed, nonnegligible dust extinction (A V ∼ 1-3) is present across portions of the association, particularly near the Ophiuchus clouds (Figure 1 ), which increases contamination of background stars in regions of CMDs that are inhabited by association members. To reduce this contamination, we have estimated extinctions for individual stars in the manner described by Esplin & Luhman (2017) (see also Luhman et al. 2003) and have dereddened their positions in most of the CMDs accordingly. The one exception is the diagram of K s versus H − K s , where we use the observed colors. In this analysis, we have adopted A H /A K = 1.55 (Indebetouw et al. 2005) and the reddening relations from Schlafly et al. (2016) , Xue et al. (2016, references therein) , and Danielski et al. (2018) , which produce A G /A K = 6.8, 
, and E(Y − K s )/E(J − H) for reddened stars in our survey field.
In Figure 4 , we present the extinction-corrected CMDs for the known members of Upper Sco, including those found in this work. The CMD with the observed data in H and K s is shown in Figure 5 . In each diagram, we have defined a boundary that follows the lower edge of the sequence of known members, which we have used for selecting candidate members for spectroscopy. A few members appear below some of those boundaries; most of them exhibit mid-IR excess emission that indicates the presence of circumstellar material, so it is plausible that their low positions in the CMDs are due to scattered light dominating their observed fluxes.
A source is considered a candidate member if it is selected with at least one of the CMDs in Figure 4 , is not rejected by any of those diagrams, is a candidate in K s versus H −K s in Figure 5 , and is not a probable field star based on the analysis of parallaxes and proper motions in the previous section. We inspected the resulting candidates in images from the employed surveys and rejected those that appear to be galaxies. In the next section, we describe spectroscopy of some of the candidates that we have identified in this manner, which is used to measure their spectral types and assess their membership. Since we have added proper motions and CMDs to our selection process as they have become available, some of the targets in our spectroscopic sample that were observed early in our survey would now be rejected by our latest criteria. In Table 2 , we present the candidates that lack spectroscopy or that have insufficient information from the available spectra to determine membership. This sample contains 1196 objects. We indicate in Table 2 the selection criteria that were satisfied by each candidate. As noted in the previous section, it is possible for a candidate to be rejected by a given proper motion measurement as long as a more preferred source of proper motions favors membership. To illustrate the distribution of magnitudes of these candidates, we have plotted them in a diagram of K s versus H − K s in Figure 5 . We have also included diagrams of J − H versus H − K s for the known members and the candidates. The candidates exhibit similar J − H and H − K s colors as the known members.
SPECTROSCOPY OF CANDIDATES
Observations
We have obtained optical and near-IR spectra of candidate members of Upper Sco from the previous section to measure their spectral types and assess their membership. We also have observed a sample of stars that were previously known or suspected to be members to improve their spectral classifications and evidence of membership. These data were taken between 2009 and 2017 at the 1.5 m SMARTS and 4 m Blanco telescopes at the Cerro Tololo Inter-American Observatory (CTIO), the NASA Infrared Telescope Facility (IRTF), the Southern Astrophysical Research Telescope (SOAR), and the Gemini North and South telescopes. We preferred optical spectroscopy for targets that were sufficiently bright since the spectral types of young stars are defined at optical wavelengths and Li absorption at 6707Å is a valuable diagnostic of youth. For targets that were too faint for Li measurements or accurate optical classifications, we employed near-IR spectroscopy instead. The instrument configurations are summarized in Table 3 . Spectroscopy was performed on 768 objects. The date and instrument for each target are indicated in Table 4 .
During the several years of our spectroscopic survey, our selection criteria were updated to incorporate new photometry and astrometry as they became available. In addition, to utilize as many fibers as possible during the multi-object observations with Hydra, we included targets that failed some selection criteria. For these reasons, some of the spectroscopic targets do not fully satisfy our latest set of criteria.
The spectra from the RC spectrograph were reduced in the manner described by . The SpeX data were reduced with the Spextool package (Cushing et al. 2004 ) and corrected for telluric absorption (Vacca et al. 2003) . The spectra from the other instruments were reduced using routines within IRAF. Examples of the reduced optical and IR spectra of young objects are shown in Figures 6 and 7 , respectively. All of the reduced spectra from our survey are provided in electronic files that accompany those figures. We have included the SpeX data for 2MASS J16183317-2517504 A and B from Luhman (2005) . The slopes for the fiber spectra from Hydra are not reliable, particularly near the ends of the spectra. All of the slit observations were performed with the slit rotated to the parallactic angle, so their spectral slopes should be accurate. Many of the Goodman spectra contain significant fringing at redder wavelengths. The spectra from the RC spectrograph were taken with two settings that produced spectra that are separated by a gap in wavelength. The two spectra for a given target are contained within a single file and have arbitrary normalizations relative to each other.
Classifications of New Spectra
To classify the optical and IR spectra that we have collected in Upper Sco, we have applied the same methods that we have utilized in our previous surveys of nearby star-forming regions. We distinguished between young stars (which are likely to be members of the association) and field dwarfs and giants using using Li absorption and gravity-sensitive features (e.g, Na, H 2 O), as available. When present, IR excess emission and strong hydrogen emission indicate the presence of a circumstellar accretion disk, providing additional evidence of youth. For targets that are classified as dwarfs or giants, we have measured spectral types through comparison to the optical and IR spectra of standards (Keenan & McNeil 1989; Henry et al. 1994; Kirkpatrick et al. 1991 Kirkpatrick et al. , 1997 Cushing et al. 2005; Rayner et al. 2009 ). We also classified the optical and IR spectra of young stars at <M5 and <M0, respectively, in the same way. The optical spectra of young stars at M5-M9.5 were classified with averages of the dwarf and giant standards (Luhman et al. 1997 (Luhman et al. , 1998 Luhman 1999) . We adopted the optical spectra of the youngest field L dwarfs from Cruz et al. (2007 Cruz et al. ( , 2009 ) and Kirkpatrick et al. (2006 Kirkpatrick et al. ( , 2010 as standards for >M9.5 (spectral type suffixes of δ or γ, corresponding to ∼10-100 Myr), although none of our optical spectra of young objects exhibited types in that range. To classify the IR spectra of young stars at ≥M0, we applied the standard spectra described by Luhman et al. (2017) , which were measured for optically-classified members of nearby star-forming regions (1-10 Myr) at M0-M9.5, the youngest optically-classified dwarfs in the field at L0, L2, and L4 Cruz et al. 2007 Cruz et al. , 2009 Cruz et al. , 2018 , and two members of the TW Hya association that have been previously assigned types of L7 (Kellogg et al. 2015; Schneider et al. 2016) . By adopting IR standards of this kind for young objects, our classifications should produce IR types that are on the same system as the optical types. When comparing a target to a standard at a given spectral type, reddening was artificially applied to the standard to match the spectral slope of the target.
We now describe how we used the Li absorption at 6707Å and the Na doublet near 8190Å to assess the youth of our targets that were observed with optical spectroscopy. Our measurements of the equivalent widths of these lines are included in Table 4 . Those data are reported only for dwarfs and young stars, and the Na data are provided only for M types since they are not useful as a gravity diagnostic at earlier types. For some of the stars with optical spectra, the signal-to-noise ratios were too low for useful measurements. The typical strengths of Li and Na depend on both age and spectral type, so we plot them as a function of spectral type in Figure 8 . We also show upper envelopes for Li data in IC 2602 (30 Myr) and the Pleiades (125 Myr) from Neuhäuser et al. (1997) and measurements of Na for a sample of standard field dwarfs from our previous surveys and Filippazzo et al. (2016) . Li data are available from Rizzuto et al. (2015) for a few stars that lack useful Li constraints in our spectra, so we have adopted them. In Figure 8 , most of the Li detections are stronger than expected for the two comparison clusters at 30 and 125 Myr, indicating ages that are consistent with that of Upper Sco (11 Myr, Pecaut et al. 2012; Feiden 2016) . The remaining detections fall along the upper envelopes for those clusters and could be consistent with Upper Sco membership given the uncertainties. Therefore, we take all of the Li detections in Figure 8 as evidence of membership.
In Figure 8 , the standard field dwarfs exhibit stronger Na than most of the young, Li-bearing stars in our spectroscopic sample, which is a reflection of the dependence of this feature on surface gravity. The two groups overlap at M0-M3 and diverge at later types. The M stars in our sample with useful upper limits on their Li absorption (< 0.2Å) have stronger Na on average than the Li-bearing stars, which is consistent with the older ages implied by their Li constraints ( 20 Myr, Chabrier & Baraffe 1997; D'Antona & Mazzitelli 1997; Siess et al. 2000) . To use Na for identifying targets that are likely to be young enough to be members of Upper Sco, we have defined a boundary in Figure 8 that is just below nearly all of the stars at ≥M3.5 that lack Li strong absorption. Measurements of Na below this boundary are taken as evidence of membership unless Li absorption is absent. Stars that appear above the boundary and that lack useful constraints on Li can be considered possible members if they have other evidence of membership, such as IR excess emission, or have noticeable reddening, which is not expected for foreground field dwarfs.
In Table 4 , we list the spectral types and membership classifications for the 768 objects in our spectroscopic sample. Stars with membership flags of either "Y" or "Y?" are included in our compilation of adopted members of Upper Sco in Table 1 . Among the 530 spectroscopic targets that are adopted as members, 377 have not been previously observed with spectroscopy. Stars that have undetermined membership (marked as "?") and that satisfy our latest set of selection criteria from the CMDs and proper motions are included in the sample of candidate members in Table 2 . For the stars classified as members that have IR spectra, we have estimated extinctions by comparing the observed spectral slopes to the slopes of young standards from Luhman et al. (2017) . For members that lack IR spectra, we have derived extinctions from color excesses in J − H relative to the intrinsic photospheric values from Kenyon & Hartmann (1995) and Luhman et al. (2010) . The companion HD 144218 has K s but not J, so V − K s was used instead. The resulting extinction estimates in K s are included in Table 1 . We have not attempted to estimate an extinction for Antares, which is a supergiant, or the companion 2MASS J16054012-2317155E, which lacks the necessary data.
Classifications of Previous Spectra
In addition to classifying the objects in our spectroscopic sample, we have measured new spectral types from IR spectra that have been obtained by previous studies for late-type (≥M5) members of Upper Sco (Luhman 2005; Lodieu et al. 2008 Lodieu et al. , 2018 Allers & Liu 2013; Bowler et al. 2014 Bowler et al. , 2017 Dawson et al. 2014; Lachapelle et al. 2015; Peña Ramírez et al. 2016; Best et al. 2017) . When deriving spectral types, some of these studies have assumed that the targets are not reddened by interstellar dust (or have the same extinction as a more massive companion, as in the case of Bowler et al. 2017) . However, according to our extinction estimates, 85, 10, and 4% of the known members have A K = 0-0.15, 0.15-0.3, and 0.3-0.5, respectively (A K ≈ 0.1 A V ). Thus, reddening was a free parameter in our classification of the previous spectra, as done for our spectroscopic sample. In general, allowing for the possibility of reddening results in a larger range of spectral types that can match a spectrum. This is particularly true for L types since it is primarily the spectral slope that varies with type rather than the depths of the absorption bands in low-resolution data (see Figure 17 in Luhman et al. 2017) . Our new classifications are included in the compilation of spectral types for the known members in Table 1 . Lodieu et al. (2008) did not reduce the two orders at 0.9-1.15 µm in their GNIRS data, so we have performed a new reduction to include them. In Figure 9 , we show an example of one of the newly reduced spectra, which is compared to young standards from Luhman et al. (2017) for our derived spectral type and the type from Lodieu et al. (2008) . All of these newly reduced spectra are provided in the electronic file that accompanies Figure 9 .
In Figure 10 , we show additional examples of previously reported spectra that we have classified. The spectra are for UGCS J155150.21−213457.2 and UGCS J160413. 03−224103.2 (Peña Ramírez et al. 2016; Lodieu et al. 2018) . We estimate spectral types of L0-L2 and M9.5-L2, respectively, whereas Peña Ramírez et al. (2016) and Lodieu et al. (2018) measured L6 for each of them. In Figure 10 , we compare each of the two spectra to the standards from Luhman et al. (2017) that bracket our classifications. Among the L types, Luhman et al. (2017) adopted young standard spectra for L0, L2, L4, and L7. We have combined L4 and L7 with the appropriate weights to produce L6, and the resulting spectrum has been included in Figure 10 . In our adopted classification system, UGCS J155150.21−213457.2 and UGCS J160413.03−224103.2 are too blue to have types of L6. A similar result was found for 1RXS J160929.1−210524 B in Figure 18 from Luhman et al. (2017) . It was previously classified as L4, but it is much bluer than our adopted L4 standard. Instead, Luhman et al. (2017) found a good match to M9.5 with A V = 1.2.
Most of our new classifications of previous IR spectra are earlier than the originally reported types. One reason for this difference is that we have accounted for the possibility of reddening from interstellar dust. For instance, a reddened early L dwarf and an unreddened late L dwarf can be indistinguishable in low-resolution spectra . The choice of classification standards also contributes to the differences between our spectral types and values from other studies. In particular, the IR classifications from Lodieu et al. (2018) were largely based on comparison to normal (i.e., not young) field L dwarfs and the Upper Sco members 1RXS J160929.1−210524 B and J155150.21-213457.2, for which they adopted the original types of L4 and L6. However, the latter two objects have earlier types when classified with our adopted standards, as we have discussed. In addition, the most prominent near-IR spectral features of late-type objects (H 2 O bands and spectral slope) vary with surface gravity in such a way that using older field dwarfs as the standards for classifying young objects produces later types than if optically-classified young standards are used , references therein). Indeed, Lodieu et al. (2018) found that their IR classifications (which they adopted) were systematically later than the optical types that they derived when both IR and optical spectra were available. We prefer a classification scheme that produces the same spectral types, on average, regardless of the wavelength range considered so that types from different wavelengths can be utilized together in a meaningful way.
In Figure 11 , we show two diagrams of K s versus spectral type for the known members of Upper Sco that are later than M6. For the objects that we have reclassified in this section, we have used the previous types in the left diagram and our new types in the right diagram. We have used the adopted types in Table 1 for all other members in both diagrams. The sequence of members is tighter and better defined when our new classifications are employed.
FUTURE PROSPECTS FOR UPPER SCO CENSUS
The census of Upper Sco compiled by Luhman & Mamajek (2012) contained 630 previously known members (excluding stars that we now reject). Subsequent spectroscopic surveys have identified hundreds of additional young stars that are likely to be members Rizzuto et al. 2015; Peña Ramírez et al. 2016; Lodieu et al. 2018, this work) . Our latest sample of adopted members now contains 1631 objects. Based on the large number of additional candidates that we have identified (> 1000), substantial incompleteness likely remains in the current census of the association. The second data release from Gaia should provide highly precise measurements of proper motions and parallaxes down to substellar masses in Upper Sco, which will greatly facilitate the identification of the undiscovered members. The new Gaia data will also be valuable for identifying nonmembers that are present in the current census.
A relatively complete census of Upper Sco, particularly in conjunction with the astrometry from Gaia, will make it possible to address the following questions more definitively than has been possible previously: What is the shape of the IMF in Upper Sco and how does it compare to mass functions in other young nearby populations ? How does the disk fraction vary with stellar mass and location (Luhman & Mamajek 2012) ? How does stellar age vary with stellar mass, disk class, and location (Donaldson et al. 2017) ? Is a significant age spread present (Fang et al. 2017) ? A full census of Upper Sco will also offer large, statistically significant samples of targets for measurements of stellar multiplicity and planet occurrence rates. -Proper motions for known members of Upper Sco from Gaia DR1, GPS1, UCAC5, 2MASS/Gaia DR1, 2MASS/PS1, and UKIDSS. Most of the outliers are known or suspected binaries, which can lead to erroneous proper motion measurements, or have proper motions from other sources that are consistent with membership. For a given set of data, the large circle represents the threshold that we have used for identifying new candidate members (see Section 3.2). The typical errors are indicated in the corner of each diagram except for Gaia DR1, for which most errors are similar to the sizes of the points. Fig. 4 .-Extinction-corrected CMDs for the known members of Upper Sco. These data are from 2MASS, DENIS, UKIDSS, PS1, VISTA VHS, WISE, and Gaia (Section 3.1). We have selected candidate members from the other stars detected in these surveys based on positions above the solid boundaries. Table 1 ) and candidate members identified with proper motions and CMDs in Figures 3 and 4 (right, Table 2 ). These data are from 2MASS, UKIDSS, and VISTA VHS. We have rejected candidates from other diagrams that appear below the solid boundary in Ks versus H − Ks. Luhman et al. (2017) . The data used to create this figure are available. Fig. 8 .-Equivalent widths of Li and Na versus spectral type for previously known and candidate members of Upper Sco for which we have obtained optical spectra (Table 4) . The left diagram contains detections of Li (filled circles) and the useful upper limits (< 0.2Å) that are available for non-detections (open circles). In the right diagram, we show Na measurements for those two samples and the stars that lack useful constraints on Li (crosses). For comparison, we include the upper envelopes for Li data in IC 2602 (30 Myr) and the Pleiades (125 Myr) (upper and lower solid lines, Neuhäuser et al. 1997) in the left diagram and Na measurements for a sample of field dwarfs in the right diagram. Most of these Li detections are consistent with the youth expected for members of Upper Sco. The Na strengths for dwarfs and young, Li-bearing stars diverge noticeably at M3.5. We take Na measurements below the red curve as evidence of youth. Fig. 9 .-Example of a new reduction of an IR spectrum from Lodieu et al. (2008) for a late-type member of Upper Sco. It has been binned to a resolution of R = 150. For comparison, we have included the young standard spectra from Luhman et al. (2017) for our adopted type of M9 and the type of L2 from Lodieu et al. (2008) . The data used to create this figure are available. Fig. 11 .-Ks versus spectral type for known late-type members of Upper Sco. We have measured new spectral types using IR spectra from previous studies for the objects with red symbols. That sample is plotted with the previous types (left) and our new types (right).
